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A CAI Prograp t<neach Delif ' . ' 

Childx^en How to Ose a Bul€tr: 
k Study in Instructional Design . * 

G. Kearsley, D. Squires 6 B*"^ King* 

A very strong case can te-aaae- for the^se of Coiputer 
Assisted Instruction |CAI) with ^ertudentfe who have learning 
disabilities due to deafness, blindness, physical handicaps or 
emotional disturbances. One good reason is that CAI allows 
indiv^idualized instruction. Thts, students can progress at theili 
own rate and not be frustrated £y instruction "which is either 
too. easy or too difficult fo);^the«. PurtheriDre, a CAI program 
can deliver instract^ion which is adapted to the particular 
abilities/aptitudes of the student. In the case of the learning 
disabled/ vtnis is particularly crucial. While a norial student 
can coapensate for the lack of one ability by aeans of another, 
disabled students are usually liiit^d in their i range** of 
abilities. Thus individualized ittstruction* whfph capita(lizes 
upon their strengths and coipensafes for their .weaknesses is 
■uch Bore likely to' result in successful learnin^gl 

A second important feature of CAI is its interactive 
nature. Becatf^e student nust continously respond to questions 
and hence actively participate i^n the instruction, ihterest, 
■otivation, and attention are lalntaine^.. Furtheriore, iaaediate 
feedback and reinforceient nj>t ealj ■aintain interest but they 
also ensure that the student will discover what is correct and 
incorrect, iff proper shaping^ is used" in conjunction nith 
positive feedback, the student ean very quickly build up 
confidence in the^task. Since students with disabilities ^often 
have /low self-esteea or lack self-conf idffnce, this is very 
iaportant. 

The capability to individualize instruction and provide 
iiaediate feedback encourages the student ^o learn. In addition, 
CAI ' programs ape typically very carefully designed and theri^ 
systeaatically tested arnd refined- Furtheriore, because CAI /'cat 
provide a sophisticated (and unobtrusive) aonitoring of student 
performance, ,the tteacher is able, to follow the progress of . the^ 
student to a Buch finer degree than is possible ^ in any 
conventional, classroon setting. All of these f%cto» taken 
together «ean that CAI can provide very effective instruction. 
In the^ case of the learning disabled, effective instruction is a 
Bust for ttey sisply. cannot afford the consequences of poor 
instructions 

Because of the* asoant of work which is involved iir 



1. He wbuld like to/ acknowledge tde help of David Baine, 
Department of Educationjil Psychology^ aniversity of Alberta for; 
his help in the task analysifi^sta^^ of^ the'^roject. 



producing CAJ pro^fais, their developient costs t4nd to be high. 
However, such developient costs can be distributed across the 
nuiber of students amd .years which a prograi can be used. Bore 
iiportantly, the aqjual operating costs, relative to, the kigh 
costs of specially trained teachers, are quite favorable. Thus, 
while CAI is still too expensive to^.use In .regular classrooas< / , 
in the case of special \ education, the cos^s are actually' often 
less than cc^nventional ■^aas (see for exaiple, Jaiison, Suppes & 
Butler, 1970).' ' ; \ . . • 

. Despite these com|elling facts, '^AI ^ has no tV^ been 
expensively used to date with disabled students. » An ejtception 
to this is the large-scale Stanford. University J>roject for 
hearing disabled student^. The project centered lainly around 
schools for the deaf, in Texas but also included schools in 
California, Florida, Maryland, and Washington, D.C. Curricului 
focused; upon eleientary latheiatics and language arts although 
other subjects (e.g., logic, pfograiiing) were tried out.' 
Thousands of deaf students of all ages recieved CAl instruction; 
Mot only did they ^ generally prefer CAJ over conrentional 
Methods, but weU. designed studies showed iipressive gain scores 
due to the prog/ais. In addition, the evaluation data strongly 
showed that the co^itive performance of deaf thildren was as 
good as noraal-hearing children when tasks did not directly 
involve verbal skills. A good overview of the Stanford project 
^is given- by ^Fletcher 6 Suppes (1976). ^ 

^ The present report describes a CAl , prograi . jiesigned to 
teach deaf students how to use a r4ler. The j^^ns of the 
discussion is upon the instructional des/gn of the prbgrai. This 
includes the details of the task analysis, the instructional 
strategies, and the stages in the ' iipl^eientation and evaluation 
of the prograa." it is hoped that this ^iscossion will helpi to 
illustrate the sophistication which <?an be achieved using CAI 
and convey the potential that it l^as for the education of 
disabled students. 

\ The overall gcai of the' prograi is •^to teach s^dents how to 
use ' a ruler as a . necessary 7sklll teguiced in drafting and 
graphic arts. The prograi ^as intended for use^with students ;Ln 
a vocational prograii*. The sp^o^ic. t^iinal objective for the 



2. This sitoatioB is .changing/ rapidly as the costs of computer 
hardware and telecoMunication^ continue tc drop draiatically 
each year. Thus, it i.s very likely that computers in the 
classrooia will be ccMonpWfce in the next decade. 

3. cost is ci^rtainly a / pa jbr factor here but an equally 
important obstacle is the l«^ck of . awareness on the the part of 
those involved in specia'l education aboqt the capabilities' and 
potential of CAI for teaching the disabled. 
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TABLE 4 
Instructional Objectives. . 
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CONDITIONS 




CetTCRIA 




1. 


\ 

SIVMi'a Mritt of 4ot% nimhmrm4 
from 0 to 14 o«i the tcrMA 


v»ing ii^c pan| points tno 
dots In succasslva ordar 


tacn oot constitutes one triei. 
No lore than 3 errors for all 
14 trials 




" 2. 


eivM • Mriat of wrttcal bars 
l« MtJ of f to 14 on the' tcrMA 


Counts (ha nin^ar of bars and 
txpuB in cna answar « 


\ 

1/5 Correct 

«» 




3. 


Slwn th« nuiib«rs fro« 0 to 14 
In rm4om erdtr and a llnMr 
tcaU with 12 aqtMlly spaced 
iM^rad |j»ttrva1t on tha tcraan 


Using tha llghtpan^ points to 
the cnrrmet BAclflM* cm Mm 
nuii6arad scala 


10/13 Corract 




k. 


ShoMf^a sarlat of straight and 
curvad llnot In pairs with tha 
dfscrlalnatlon baeonlng aora 
dffflciilt for aaeh pair 


Using tha llghtpan^ points to 
tha straight Una In aach pair 

• 


4/C f nrrar t ' * 




s. 


SIvan Illustrations of tha 
-jorract way to hold and position 

tha rular, panel 1» and papar, 
•and Ming • pancll and rular 


Draws straight Unas batwaan 
Indicaud crossas (x) on papar 


7/8 Corract 




(. 


Sivan display of standard rular 
on tha scraon 


Using llghtpan^ ^Ints to tha 
who la Inch Mrfts 


1/5 Correct 




7. 


SIvan Instruction on tha scraan 
about how to draw Masurad fina 
langths and pancll and rular 


Draws Unas of whola Incf.' 
langths alitays stasting at 
tha 0 Mffc 


4/5 Correct 




Sivan « sarlas of Una satpmts 
of difforant langths on tha 
scraan 


bsinff llghtpan» points to tha 
shortest and longil^t Una 
sapwnts 


Ut Correct 

( 






SIvan Instn^tlon on finding 
1/2, UH, W$ and 1/16 narks 
on rular and anlargad 1 Inch f 
portion of nilaf^on scraan 


4»slng ll^tpan, points to all 
fractional Mrfcs 


foot ■astanr. 
Mutt be with f/fC* 




10. 


SIvan Instruction about 
coabrning whol^ and fractional \ 
aarkft and display df full 
rular 


Using llghtpan, points to 
corract aark 


V5 Correct 




11. 


01 van hilar and pancll and 
directions on scraan 


Drstfs Unas af alMd 
fractional lanfths 


13/14 triels eorrect 
with 1/li^ ocoirMy 




12. 


and non«^|4llal Unas In 
pairs and Jnv^rucflons an 
tha scriae ^ 


IndlcaMS (by Cypinf yas 
or no) whathar pairs of 
Unas ara parallal 


V5 Correct 






Olvd^ Instruclion an how 
to draw paraltal Unas via 
llfustratlontl and panclli 
relar and pm^r 


Draws parel la 1 Unas a 
s^lflad distenca a^rt 


• 

yh Cerroci with l/K*< 
' eccerecy ' 




u. 


'•Ivan li^tnKtlons'an tha - 
seraae* a >4t«Mv«lonad ^katch* 
end pmclt^ P^r^ and rular 


Draws a dJMnslAnad foni 
according te spfcl fleet fens 


Cedi Una Is 1 triel, 
Hm contlstt ef 1 lleoa 
}/i, triels eerroet with 
I/If** eecereey 

c 
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s prograa i^s that the st'udents would be. able t?^ rule up a 
diBensioned fort according to given specifications. 

* The sajor objectives rln the progras are shown ^n Figured. 
As the Figure shows, the prograi involi^s the bleiding of a set, 
of cognitive skills uith psychosotox skills. The cognitive 
"skills involve the discrisination -of line' lengths, ^relative 
spatial ' positions of the sarks on the xuler, learning the 
concepts of straight and parallel linep, ai^d the rules 
associated with learning which fractions correspond to which 
\fpecific Barks.. Thus, in terBS of a taxonosic analysis, the 
cognitive cpaponents involve th^ skills of discrisination, 
concepts, and rules. The psychoBotor skills required are those 
involved in holding the ruler and pencil, drawing straight 
linee>^ iand :dj:awing lines an exact length. 

A detailed description' of the task ^ objectives in the 
sequence taught .is given in Table 1. The first objective was 
• designed as a connect-the^dot gaae. The student was presented 
with an array cf nuabered dots and instructed to point^\o the 
dots in the correct sequential order (see Figure 2). This served 
to deterBine ihat the student could count froB 0 to 16 in order 
and also had the necessary Banual dexterity to hold and use a 
pencil accurately. The g^Be forsat created a high level of 
interest and Botivation towards the prograB. 
» 

The second* objective involved the presentation of varying 
nuBbers of vertical bars that the student wa? requested to' 
count. This established thai the student would be able to count 
the nuBber of Barks which denoted a particular, fractional unit 
(e.g., 3/a, 9/16, etc.). The shaping in this objective involved 
presenting the bars wide apart to begin with and gradually 
Baking then closer together so that t^e final discriiination 
Batched the actual disoriBination required on a ruler. The third 
objective involved presenting the student with, a nusber line 
with 0 to 12 Marked on it ajia asking the student to identify the 
position of all the nuBbers^. (in a randcB order). The purpose- of 
this exercise was to shape the student 'up to recognizing the 
whole units on . the ruler without the cosplications of tiie 
fractiojnal units. 

w 

The next objective involved learning* to dxstinquish betwtden 
a straight and non-straight line, "the shaping here involved 
starting with a discrisinatioa between ^ery Qxawed .or wobbly 
lines and progressing to a $iner disoriBination' between aluost 
straight (but not quite) lines. Having sastered th^ concept of a 
straight line, the student was then asked te draw sobo straight 
lines. The next objective presented tki student with a ruler and 
asked for the identification of all the unit sarks on the ruler 
(in a randoB or^r) . After Basterin^g t&is, the student was then 
asked to draw lines of various unit lengths and hence coMine 
the skills Bastered in the previous xjbjectives. ^ J 

The next objective presents the student with a nusber of 



ERLC 



line segients of different lengths and asks the student to 

identify the^ longest and shortest lines. ^This is a necessary 

skill in- order to be able tb distinqu^sh the differeirt 

fractional ■arljs^ froa each other. The next objective is to 

actually teachxall of the fractional larkg in an- inch. The 

instructional strategy used for this is described in detail in 

the next section. . Having lasteyed th*e' identification of 

fractional units, the next objective involved ha,viag the' student 

draw lines of ilxed (unit and fractional) lengths usiTag the 

ruler. . v • 

f ' 

Thfe next objective involved 'teaching the student the 
concept of parallel lines fclleved by drawing various^ sets of 
parallel linfes. This step is necessary ii^ order to build the 
subskill fdr the final, objective which involves drawing up ^ 
diaensioned If ora . (consisting, cf aany parallel coluans and rows) 
according to specified diaensions. 

The progranf was designed so that each objective lUst be 
■astrered before, the next objective could be undertaken. * Tne 
criterion was generally 80X correct except for the objective 
dealing wiV^ the fractional larks in w^ch 100?l la'stery * nas 
required. The reasoning for the setting of these criteriron 
levels was that in a typical test of 5 questionSf it is 
reasonable to expect the student to sake one |Bistake due to 
carrelessnes§ but that 2 cr nore errors say indicate lack of 
coiprehension at complete learning. The lt)0» ^standard .for, the. 
fractional units was set (because this subskill aust be pefected 
to accurately use* a . ruler. The criteria for the psychoaotor 
objectives involved drawing lines that were straight and within 
1/16" accuracy. 

» 

With respect to the perforaance component of the 
oijj^ctives, for aost of the cognitive objectives, identification 
of the correct answer was felt to be appropjpiate. / Thus, bei^g 
able to identify the correct position on the ruler ^ is the actual 
nature of the skill tequircd for the task and other response 
■odes (telling, writing, etc.) were inappropriate. Obviously, 
the sost appropriate behavipr for the psychosotor. objectives was 
drawing. *^ ^ ' A 

The pre-entry skills required are detersined* by ^the 
particular strategy which was adopted (described in the next 
section). The two critical pre-entry skills required were: 

1. the ability to ration&lly count fros 0 to 16 

2. the ability to distinguish line lengths 

In addition, it was also assused that* students would be able tp 
read at Grade 2 level or above and be physically coordinated 
enodgkh to hold and us^ a pencil, ruler and the coiputer terminal 
keyboard/light penl 

>i • 

Instmctlopal i^SLif £ Strate9le§ 
In an'adyzing the task, ai atteapt was Ade 19 i;««^ict the' 



ob;jectives to only\ those .which were absqlutely necessary to 
achieve the specified teriinal objective. Furthersore, in order 
to Biniiize the* learning desands of the task, a strategy was 
s<|aght which would involve the simplest types of learniag 
possible. Hith this in lind* it was decided to dse a strategy 
which would not require thf learning of fractions or^an 
understanding of spatial distance. The strategy ^fleeted in the 
task analysis just described involves learning how to use' a' 
ruler on the basis of the length and position of the aarks. 
Thus, the student is taught to. associate the denoninator ^f a 
fractional- unit with the Jtength or size of the appropriate lark 
and t\e nuierator with the J^osftion of the lark from, the nearest 
whole- inch larJc. Osing this strategy, the basic cognitive skills 
needed are \the ability to discriiinate line lengths and the* 
ability to\ count — both of which were considered to be pre- 
entry skills N^f the students- This instructional tactic aeans 
that, it is hot ^ece'seairy to t^ach the student fractions or 
spatial paftitionihg of area which are higher crdei: concepts and 
principles. 

Fol4.owing this strategy, the student is first introduced to' 
the sixteenth aarks and is taught to count every lark starting 
with the 1/16 lark in order to find the correct 16th lark. Thus, 
to find the 9/16 lark, the student is told to count 9 aarks fros 
the first 16th aark. To find 8th aa>ks, the student aust learn 
to count all the aarks as l^ng as or lohger than the 8th aarks. 
So to find the 5/8 aark, -it is necessary to count the 1/8, 1/4, 
3/8, 1/2, and 5/8 'aarks and none of the 16th aarks. The 1/4 and 
,1/2 aarks were also taught this way jalthovgh they can siaply be 
aeaorized) . soae screen displays for. teaching the 1/8th aark 
using the counting strategy are shown in Figure 3. 

Becabse there ^as soae dol^ tha)f ihls strategy would .work, 
a coaplste sequence for teachiiS^the fiiac^ijonal units on the 
basis of spatial proportions was Wpgtaaaed as reaedial 
instruction. This sequence would be giveh if the student failed 
criterion on the finatl post-test for the \ objective on fractional 
units and also had failed criterion on Ithe po^t-tests for each 
individual unit. It involved showing a 1 riectangle partitioned 
into parts and associating the fractiohfi witk the appropriate 
nuaber 6f parts shaded in. Following this! the enlarged inch was 
shown (saae size as the rectai/^le) and Ithe fractional marks 
sho^n to divide the Inch into th^ appropriate noaber of parts. 
Screen displays ^^lldstrating this strategjl f©r tke 1/8th aarks 
are shown in Figure 4, in contrast |o th<| first strategy 
described above which started with the 1/l| aark and *tor*ked up 
to the 1/2 aark,- this strategy startid with the 1/2 aark^ 
^dividing the inch ^nto Z parts) ^and prodrsssed to ' tbe 1/16 
aark. Although both strategies started with the si a pie st anit, 
this -ftas different depending upon whether tlhe Strang y Involved 
the "counting" strategy or the "spatial" atiategy. 

The general^ instructional ioglc us^i in the prtfgras is 
depicted in Figure 5. At the beginning of eafch objective' to be 
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FI6URE 5. Gene nai Instructional Strategy Used. in Program. 
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taught, linstruction is presented which €rxpla4.ns, Remonstrates or 
illustrates the particular - skill or concept involved. A post- ^ . 
test follows the instruction which involves the^ pres^fntatlon of 
a problei/guestion and an indication o£^the desired lode of 
response -(e.g., typing 'an answer, via the keyboard, pointing ir±th 
. thefr light pen, or drawing us^ng a ruler apd pencj^l) • The ^ 
student «s response is then evali^ated. the^ response is 

correct, a positive feedback seepage will be given a&d' another 
guestipn is provided. Rhen the ,stuidei\:t aakes an initial list aMn/ 
he/she is prompted for .eKsecond tty^ It ;the next response is * 
still wrong, an erjror is recorded and the xrorrect ^hsver \s 
indicated uto the stddent. , Hhea air of the available 
guestions/^rableas have been'^presented, a test is lade to^see if 
the student has achieved the criterion far that objective. If it 
is let, the student- goes on, to the • ne^t objective.. If -.the 
criterion" is not achieved,, remedial instruction is" provided iv 
available for that Objective or th"^ teachec is called for 
assistance. Thus the pajor rcle of the ^teacher in this progrjiM'^ 
is no£ the -delivery ^ of instruction . but rather the t^isk of 
diagnosing student problems and :providipg remedial assistance on 
an individual^'basis. * 

The teaching logic ^r a specific objec'tive is illustrated 
in Figure' 6. This objective (10) r^^^ires ^the - student to 
identify mixe^ (whole and fractionaiL) ani<ts on the ruler. The 
studient has previously mastered identification .of whole and 
fractional units separately and^ now must combine these^two 
skills. The instruction for this objective involves showing that' 
the same slet of fractional u^its is found^ between each set of 
inch marks (i.e., every inch, is divided into :th4 same fractional' 
subdivisions), and that the whole^ number in a mixed length 
in4icates the inch mark in which a particular ffacti'daal unit is 
found (see Figure* 7) . This particular point is demonstrate bV 
pointing out different lengths on the ruler with the same 
fractional unit (e.g., 5 1/2, 7 1/2,^ 11 -1/2). Ih^ student, is 
then asked to point to a specified mark on the di^layed rulerw 
If the student points to the correct position (within 1/16 
xnch) , a positive feedback message will be given and another 
guestion presented. Mf the student poiqts to an incorrect 
position, he/she is initially told to try again, and if the next 
response is incorrect, the co]:rect position is shown* Nhen five 
questions have beeSn presented, a test is made to see if the 80X 
mastery criterJ^on was achieved (4/^ Qoedtibni correct) • If.it 
was, the stu^dent goes on to the next objective otherwise teacher 
assistance is called i^o^ and^^he entire objective is seoeiated ^ 
with the . teacher preis^nt, ta ' diagnose and cotrect • 
misunderstandiiigs. If a lemedi^ si^guei^ce Iras available for this 
objective, it tfould have been presented instead of chlling for 
t^e teacher. 

In. additi<}A to the genital instructional logic outlined, a 
number of 'other features were use^ in the program* In geaeral 
the teaching of concepts, (e.g., straight or parallel line) used 
the logic of presenting positive and negative instances and 
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.FIGURE 6. Instructional Strategy for a Speflfic Objectlva. 
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Figure 7. Screen displays from sequence for lobject I ve !©• 



f / 

^■phasiziD9 tbe . discriiiAatiDg/irrelevaDt attrioates. 
Directional afrovs wetc used thrcughout the' prograa as^ 
atteDtional cues or prcipts to direct atteotion to aspects of 
tt^e ruler or the position of lairlcs. All student response was 
proapted via capital letters . le.g., TIPE Dr POIHT). 

The rate of progress ^throug^h the progK^i is se^ by the 
student as he/she controls the^ presentation of each successlTe 
screen display via the space ^^ar on the keyboar4« J^h® scfqarace 
of presentation fcllovs the organization cf objectives given^ in 
Tabl^ 1 although a branchin-g feature allowed the teacher to 
■anually override the default sequence in order to skip , an 
objective or review an-earlier . one. - 

V ItPle^entiftQ £ Testing tlis Proqr^j 

The prograi vas/vritten vi COUBSEVBIip II and iapleaeivted 
on the IBM 1500 Instructional Systei operated 4)y the Division of 
Educational Research Services at the Oniversity of Alberta. The 
1500 systea has 20 student terminals each consisting of a 
keyboard and *CRT (ChthoAe Ray Tube), screen, an image projector, 
and an audio unit. Each terainal also is equipped vith a 
lightpen vbich allows the student to respond to questions by 
poinjiing to things o^n the CRT screen.^ 
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^ In writing th^i prograi, a noiber of instructional liesign 
coRsideratlons were ^ken into account. Any sequence vhicrb coulfl 
be conveyed via an illustration or anliation was done visually 
xather than verbally. Thus the prograa as^ a whole was higHLy 
^visual to capitalize on %he capabilities of deaf sti|4en^s. 
^Screen displays wer|& kept as siip^e as possible, usually with 
only one idea being expressed in each display. A/ great deal of 
effort was expended to use the * lost ^lesenyary level of 
vocabulary and simplest sentence construction /possible in the 
verbal laterial. in particular, slang tens \ and phrases were 
avoided. Th,e use at arrows as attentional cues or proapts was 
■entioned in the previous section. These arrows were lainly used^. 
to point out the positions of larks on therulef, but also to 
draw the students* attention to important features or changes in 
the instruction, in- addition, techniques such as enlargement, • 
flashing, underlining, and delayed cr paused display were 
employed occasionally. The feedback messages were stereotyped 
(usually either ••rigtt« oi "wrong") rather than the usual varied 
type of feedback Messages used with norial . students. Aliost 'all 
responses required in the prograi were done *via pointing to 
something with the ifghtpen (rather than typing in answers via 
the keyboard). ' This is a siipler response lode and also was 
appropriate for the type of learning specified in the task 
analysis. 

The ^ initial versions of the prograa were tested* by two 
different groups: 8 deaf students aged 11-13 at a junior level, 
and 6 Grade 2 students with norial hearing^ aged 7*8. Six of the " 
. 8 deaf students completed the program with coapletion tiies 
ranging frci 2 hours, 35 lihutes to five hpufs. Mone of the 
norial children completed the prograi. Although they were able 
to read and. understand the instructions, they were unable to 
■aster ^he fractional units. While they could understand each 
fractional unit by itself, they could not reieaber two or lore ^ 
together. Thus, it was concluded that the .reasoning sJei^ls 
demanded by the prograi were beyond the typical ability of 
nb^al children at this age. 

A nuiber of changes were aade to the prograi on the basis 
of the perforiande of these two groups. A standard teraiSial 
introduction was too coaplicat^d for the deaf students and a 
■uch siapler version was written, xiie instruction on fractional 
units was modified so that the post^test for each unit would 
review all of the previous units not just the aost iaaediate one 
taught. Thus, the test for the 1/8 larks also included the 1/16 
■arks and the te«t for the 1/a larks included the 1/8 and 1/16 
■arks. Origipally, [only the final post-test for the entire unit 
ha^ tested all of tthe ■arks at the sa^e tiae. This ■odificatio^ 
reflected & ga|) in the original task analysis, naieiy, the skill-^ 
*bf integrating or synthesizing each new fractional unit with the 
preceding units. In fact, the results 'suggested that thi^ was 
one of the crucial subskills in the entire task as indicated by 
the failure of the nornal children to get beyond this step. 
/ • ». ^ 
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Another cl^ange to the fractional . units involved the 
inclusion of a ^count with ie** proapt when the student failed ^to 
pick the y:ori:^ct lart iar the counting strAtegy. This involv^ 
displaying the aessage "Coun^t the aarks^ /with ae** . and then 
pointing to each of the suc^ssive aarks vhi:^ also shoving the 
nuabers. ^his deaxDnstirated the correct use >of the countijag 
strategy and allowed thea to ^ figure out ^at they had done 
wrpng. Originally^ an arrow would have pointed to the ^ correct 
aark and they would have teen todbd t^at their selection was. 
**0rong". The original correcticn prod^ure shewed thea the right 
answer but did not help th^a discover what thejr had done 
incorrectly^ . • ^ 



The last objective was also 
step size froa the objective of 
of drawing up a diaehsioned. fora 
asking the students to iaae 
^ dlaensicned fora,/ they were a 

diaensicned foras beginning with 
aore coaplit^ated foras. Thus^ ao 
orde{: to achieve the final o 
necessary to point out to th 
diaensioned * fora would occupy th 
(but iaportant) ^aspect which had 
task analysis. ^ ^ 



aodified. It was clear that the 
drawing^ parallel lines and that 
wad too large. Instead of 
diately drajw- up a page-size « 
sked to '^i^w a ^ series 
a siaple box and workiny up to 
re^ shaping was necessary in 
bjectiVe. In addition, it was 
e students that the final 
e entire pa^e. This was a ainor 
been overlooked in the original 



In addition to the changes to the instructi'onal content, a 
aajof change was aade to the instructional logic. According to 
the original logic, if a student failed a post-test criterion 
for an objective, a aessa^e was displayed on the screen tellihg 
the student to call for the teacher* s help. The^ ^ teacher Would 
watch as the studept went through ^e post-test again and 
diagnose the problea. it was felt that a^ single bine through 
each unit provided^ insufficient practice and also necessitated 
an excessive deaand for teacher assistance. In view of this, the 
logic was changed so that when a student failed a post-test, 
they would be branched back to the beginning of the post-test 
again. Jf the' student failed the post- test qn the tiiird atteapt, 
then the aessage was displayed and' teacher assistance called 
for« The general effect of tt)is change was to increase the 
aao.unt of drill and pract4.ce the studeflTt received in the 
prograa. 



Hith respect. to in&tructional strategies, it was found that 
aost students had considerable difficulty.^ understanding the 
counting strategy when it case to the 1/8 aarXs and thej had to 
learn the rule tc count ,alX the aarks aa loifg as or longei^ than 
the 1/8 aarks (but not the shorter aarks) . ^sing this role^ 
apparently deaanded considerable reasoning ability and hebod 
aade the counting st^tegy auch aore difficult than we had 
expected (evince it only involved the sdbskills of counting and 
discriainating line size). The inth)dactiiQn of thi» rale wjis 
aaplified and the student was asked to identify all th* lines^ 
wh^ch were as long as or longer than the 1/8 aarks. AXthoagh 
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these Modification^ eade the rule easier to learn 've. vere nov 
uncertain that the counting st;rat€gy vas easier /^o leaxn than 
the spatial strategy* in' order to check this, it ^as decided txy 
eipirically compare the two stra^tegies In the test of the 
prograa vith the target students. | 

A further problea which emerged in. t,he test runs^ vas 
related to the use of the light pen. It vas othserved that vany 
"of^ the errors aade by students vere due to iaprcper use of the 
pen. This included holding, it at an angle (and hence pointing to^ 
soaething other than intended) or pushing it, in vhen the systea 
vasd/t ready to accept input. This could be very frustrating to 
the st.udents because they vould be. sure that they vere ^correct 
but get a "Wrong** aessage. A nuaber of things vere done to 
reduce this ^problea. Consideratle emphasis was* placed in the 
introduction and in . error messages^ abovit holding the pen very 
straight when pointing. Eaphasis was alsQ placed, upon waiting 
until the lightpen indicator (a saali isguare in tbie corner of 
the screen) was shewn before pushing on the pen. Soae students 
had troubl^ seeing where they pointed the p^tx because it was at 
their eye level and hence bXccJced their field of vision. To 
correct this, the chairs were raised as high as they would go so 
that the students would be high enough to lock do»n. on their 
hand as they pointed. Unfortunately, aos.t of the ' displays 
requiring pointing were located at, the top of the screen rather 
than at' the bottoa (a difference ot about^ 5-6 inches) and the 
aoveaent of these displays would have amounted to alaost 
rewriting the entire prograa. This probilea with height is a good 
exaaple of the ty.pe of unexpected probleas which cap be 
encountered wliich • effect the instructional defsign yet have 
nothing^ to do with the content task. 

When these aodif ications were completed, the 'program was 
then tried out with the intended student group: 15 deaf students 
(aged i2J-^5) from a vocational prograifme. Of theise 15 students, 
12 complft^d the program in the period of 3 sessions ' one veek 
apart* ^e other J students v^re in the last f^v objective^ and 
likely woqld hav^ completed the progt&m given Sinother sessign. 
The eyact completion ' times^ as veil as the total number of 
correct /responses ate given in the first 2 colums of Table 2. 
The ran^e is frcm 1 hour,. 23 minutes to 3 hours^ 58 minutes vithi 
^ mean completion time of 2 hodlcs, 23 minutes (for the 12 
s^tudents who finished^ . The number of correct responses ranged 
from 10^ to 29a reflecting the numbet of repetitions or remedial 
instruction involved. The remaining columns^in the TaMe give 
the number of responses (correct or incorrect) made in each 
cognitive objective t9 achieve the criterion. This does'not 
include responses to gnestions used in the actual instruction 
(for prompting or shaping p^urposes) . « 

One important thing to notice is that while some students 
were consistently lover or higher in the number^ of responses 
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TABLE 2 

Summary of Student- Performance Data. 



^ Total Total 
Completion vCorrcct , 
Studcnf Time (Responses 1 2 3 



Total Responses/Objective 

^ 6. B 9 10 12 



• 1 


2:08 


131 


20 


8 


14 


5 


6 


2 


78 


18 


15 


2 . 




272 


50 


6 


14 


5 


5 


2 


276 


5 


8 


3 


1 :3k 


105 


17 


7 


• 14. 


20 


5 


2 


28 


5 


5 - 


^ / 


3:38 


2^3 


16 


9 


'3 


6 


5 


2 


471 


30 


8 


5 


-3:58 ' 


294 


17 


5 


14 


5 


5 


2 


254 


23 


30 


6 


'r»:38 ^ 


120 


16 


10 


13 


12 


5 


. 6 


40 


5 


14 


/ 




103 


16 


8 


13 


7 


5 


* 2 


25 




6 


8 


2:^0 


146 


30 


7 


13 


5 


5 


2 




38 


13 


9 . 


3:19(r^c) 


135 


31 


5 


14 


5 


5 


2 


• 92 


7 


14 


10 


2:06 


114 




7 


13 


12 


5 


2 


' 55 


12> 


5 


11 


1:23 


104 


' 27 


7 


15 


6 


5 


2 


25 


5 


• 7 


12 


1:'»3 


106 


25 


8 


lf« 


•5'- 


6 


2 


42 


IJ 


11 


13 


2:1'» 


148 


31 


5 


14 


5 . 


7 


• 2 


68 


- 66 


15 


14 


2:30(n.c) 


.140 


■ Ifi 


5 


14 


5. 


6 


^ 2 


106 


14 


11 



























n.c. indicates course not comp^leted 



B«eaed iw reach a criterion, there were certain objectives which 
gave sob« students trouble but not others (e.g., student 3 and 
objective a, student 11 and objective 1, students 8.6 13 and 
objective 10« etc.). This suggests that students differ in their 
specific cospetencies on the subskills involved in the. task and 
hence qualitative analysis and evaluation qn each skill As 
necessatj. Shis data also sbo^is that soae sobskills were 
relatively easy for all students (e.g., objectives 2,3,6,8) 
while others involved considerable individual variaiic* (e.g., 
<^bjectives T, 9, 10, 12) . This Suggests that certain subskills were 
pre-entry skills possessed by lost or ail students at this level 
(and, possibly could be elininated frci the, prbgrai) while others 
were skills net aastered by soae of the students (and hence 
required in the prograa) . . - 

In order to^ evaluate the relative ef feet i veneres of the 
instructional strategies for teaching the fractional units, half 
of the students were randoily assigned to the counting strategy 
(Students 1-7) and the other half to the spatial 'strategy 
(Students 8-Hi) . Bgth groups of students received identical 
'instruction in units 1 through 6. Purthefiore, both grou,ps 
received exactly the sake post-tests for each fractional unit 
. (alt-hough 'they were in opposite order for the two strategies) 
and the saae post-test on the overall objective, if a . student 
failed the -unit tests and, the, final post-test using one 
strategy, the alternative strategy was tried. 

' •• " 

As the' data* in Table 2 shows, the 7 students in the 
counting strategy sade sore errors in general than the 7 
students who got the spatial strategy even though the nuaber of 
errors in the f irsf 6,oj:) jectives were about the saae for the two 
groups. In fact, there was no significant difference bet^reen the 
■ean scores qf the twc groups for the first 6 objectives, but 
the aeans of^the two groups oil objective 9 (fra<^ional anitai 
were significantly different (t»2.71 ; . p<.05, 2-taile«) . These 
results appear to suggest that the spatial strategy is better, 
although at least three of the students (3,6,7) who had the 
counting strategy did quite well. Fartheraore, it should be 
noted that the saaple sizes are quite sjiall and aay be affected 
bj violations of assaaptions (e.g., hoaogeneity of variance) , of 
the t statistic. However, it'seeas reasonable on the basis of 
these preliiinary results ' to use the spatial rather ^than ' 
counting strategy as the aain strategy. , ^ 

The perforaance data froa this pilot test indicate that the 
prograa provides efficient instruction. Howeve/, there are soae 
further aodif ications which are desirable. One of these involfes 
putting the photcgraphic instraction for the psychosotor 
objectives under coaputer control. This Involves displayinq the 
photographs as slides on the 1500 isage projector alid displaying 
corresponding instructions on the CRT screen. This will sake ^he 
psych.CBOtor instruction interactive and allow aonitoring of 
perforaance on these objectives as well as the cognitive 
objectives. However,' the evaluation of- the psychosotoi. 
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objectiTes lust still be done by the teacher since there is-i/o 
vay to Bake this kind of evaluaticn on the CBT due to screen 
curvature and the liaited resolution of the lightpen (about 1/8 
inch) • Other iaproveaents viU/ involve the use of ^a 'game 
strategy (as used in the f irsi^^^bjective) in ether parts of the 
prograa to increase atte^ntien and interest. Further use , of ^ 
animated sequences would also help with attention and interests 
Finally, the use of color (not available on the 1500 stystea but 
Available on other CAI'systeas) would increase the Motivation of 
the students and also be helpful instructionally (e.g., c6eing) 

In addition tc teaching the students the intended final 
objective in a reasonably short aaount of tiae, the program 
seeas to have taught two aore aore general learning skills 'to 
th^se students? Thcf first of these is the necessity of reading 
and following instructions. Students initially did not read the 
instructions carefully (or at all) and wouldF tty to guess vha^ 
thef were required to do. lihen they did this, they would be 
unable to achieve the criterion and would be' returned to the 
beginning of -the unit again. They quickly learned that they 
could avoid this repetition ^ t^y read the instructions the 
first tltfe^ and followed ^lea exactly. The second and related 
skill learned was the need to be precise in th^ir pointing 
responses. Thus, if they did not point to the correct position 
on the ruler, they were told to try again and be aore careful in 
pointing. They scon learned to be /very accurate in their 
pointing resop^ses. This accuracy carriedf over to the 
psychoBotor objectives which was highly appropriate since this 
was demanded by the criterion. Mh^le it is unknown whether these 
two learned skills tz:an£fered to other subjects or tasks the 
students learned, it certainly seeas that these were important / 
by-products of the program and using CAI. Thus, a greater diet . 
of CAI programs might not cnly improve tiie specific skills they 
jare designed for but contribute to-a greater general leiTrning 
ability. \ 

. The preceding discussion has described the instructional 
delSiign aspects of a CAI prjogram specifically designed to teach 
deaf students how te ^use a ruler. This involves three major 
instructional design components: (1) characteristics specific to 
the nature of the task and the terminal objective (ruling up a 

^aensidned form), (2) those specific 'to the particular 
capacities of the student population (deaf students), and (3) 
the characteristics due to the particular instructional logics, 
strategies and medium (CAI).s All three of these components have 

^generality beyond, the specific program they were developed 



5. A ^ttneral discassioo of th«s« three instractrional design 
characteristics In the context ot CAI is given in Kearsley 
11976). .1 
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within. Thus, the task analysis reveals the . bafiic ■ siibskills 
involved in, using a ruler cr» aeasnring inatruaent and could be 
^o&ed for different student populations or instructional aethods- 
Portheraore, this ana'lysis could be used as par-^ .of a related 
task, e.g., teaching hov to convert English linear aeasureaents 
to aetric ones, or for a different tepainal objective, 'e.g., 
using a ruler in carpentry or dress-aaking. 

/ 

^x^he^ characteristics of tlfe instructional aethodology, 
inclufling logics and strategies, will alsio carry' across the 
part4/cular student group and subject .aattei; involved 4.n the 
progtaa. These include: ' ' , 

*using feedback to shape the correct answers ^ 
*ase of arr^ and capital letters as prcapts and cues 
*use of gaae^trategies to increase attentdon/interest 
♦use of enlarjed letters, flashing, or fluaderlining for 
soaphasis ' I * 

*use of ^a student's naae^^o increase rapp*«4 
Thus, techniques such as these can be eaployed for any subject 
Batter or ta6k and student group,- although they will be aost 
iaportant when the studetfts ai<e disadvantaged or the task is 
relatively coaplex/boring. r 

> ^ 

^Finally, the characteristics of the design related to the 
particular student population (the deaf) also have acre 
generality than the specific prograi described herein. Thus, the 
present work along with that of others (e.g., Brebner 6 
Hallworth,^ 1976; Sandals, 1975) using CAI to teach the 
handicapped suggests; 

<^the use of cofacrete Vxaiples and ainiaal abstraction 
^strategies whi<^h shape behavior rather than those which 
are didactic 

♦considerably lore use of positive feedback than with 
^ norial students 

♦feedback messages should be constant rather than variable 
in nature 

♦screen displays should be > siaple and express only 1 
idea/screen * 
♦instruction should involve as such student participation" 

as possible 

i'hese suggestions indicate a farther benefit of using CAI with 
the handicapped, nalely, the eser.gence of a set of prescriptions 
about how to teach. Because these prescriptions have been stated 
operationally in the fors of a^^progr^as, they have relatively 
precise referents and can be . reliably demonstrated. This has 
rather . isportant ' isplicationa to educationasl practice and 
research. , 

In closing, it aust be eaphasl-zed that the effectiveness of 
CAI ('and instruction generally) will bije a function of how well 
these three coaponents of iostructlonal design have been 
accounted for. The fact that the 'present prograa involved 3 
Bonths of task analysts, about 100 houirs of prograiaing tiae. 
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and the coabined Aotil^^ge of t«o experienced teachers*- reflects 
the^ ef fort which Jient into the instractional design. Thus* Ckl 
itself possessed no nagic ' which trill turn poor teaching ibto 
good teaching. HoweTer* CAI does provide a iiedlas which peraits 
individaaiixed/ and interactive, instraction with sonitoriJig of 
results and this facilitat|^s instx'actional design cBksiderabl j . 
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